Practice
Search key words Control Treatment Experiments Paired Comparisons No-Till "till*" Tillage (conventional or reduced)
No-till 52 207
Cover crop "cover crop*" OR "green manure" OR "catch crop*"
No cover crop (e.g. bare soil when no cash crop)
Cover crop 23 81
Crop rotation "rotation" AND "continuous"
Continuous cropping of one cash crop (Monoculture)
Same crop + at least 1 more crop, grown in rotation or as an intercrop 11 39
Perennial "perennial" OR "agroforest*"
Cultivated annual crop Perennially-based system (perennial grass, managed forestry or agroforestry) 8 40
Crop and livestock
"graz*" AND "livestock" Conventionally harvested crops (including cultivated forage crops in pasture)
The same crops with livestock grazing (of crop residues or forage)
7 24 116 117 Shown here are the control and treatment conditions for all practice comparisons considered for 118 this study, as well as the number of experiments and specific paired comparisons (response 119 ratios) that met the criteria for inclusion into the meta-analysis. Additional details for each 120 experiment are in Supporting Information (Table 1 in S1 File).
121
122 Literature search 123 The literature search was conducted using EBSCO Discovery Service TM (detailed in 124 Basche and DeLonge 25 ) and only included field experiments in English language peer-reviewed 125 literature through 2015 (the earliest publication that met our criteria was from 1978). Keyword 126 strings included "infiltration W1 rate" AND "crop*" for all searches, and additional keywords 127 were used for individual practices (Table 1) . These searches returned approximately 700 studies, 128 of which 79 fit our criteria. We used the USDA-NRCS Soil Health Literature database 35 to find 129 additional papers, leading to 10 more studies for a total of 89 (Table 1) . For additional details, 130 see the Supporting Information.
131
132 Management practices 133 Experiments within each practice were systematically included in the database only if 134 they fit the below additional criteria.
135
No till: Papers identified from the additional search term "till*" were included if 136 experiments clearly included a no-till treatment. We compared any tillage practices -reduced 137 tillage as well as more physically disruptive tillage practices that are typically described as 138 conventional tillage -to zero tillage as the alternative treatment (unlike some meta-analyses that 139 have compared reduced to conventional tillage separately e.g. van Kessel et al. 36 ). When papers 140 included multiple different tillage practices that could have been counted as a control treatment, 141 they were further classified as conventional or reduced tillage, based on reported equipment 142 and/or method of plowing.
143
Cover crops: Papers identified from the additional search string of "cover crop*" OR 144 "green manure" OR "catch crop*" were included when a control treatment with no cover crop 145 was present (e.g. bare soil when the cash crop was not growing). Experiments were included 146 when the cover crop was grown intentionally to protect the soil and was not harvested, and 8 147 residues were mechanically terminated, chemically terminated, or left as a green manure (e.g. a 148 crop grown specifically for fertility purposes).
149
Crop rotation: Papers identified from the additional search string of "rotation" AND The overall mean increase in infiltration rates in no-till versus tillage comparisons was 262 not significantly different from zero (5.7%, confidence interval -13.3 -24.7%) (Fig 4) . Also, we 263 did not find differences between experiments comparing reduced tillage to no-till versus 264 conventional tillage to no-till. We found the effects of no-till to be complex, revealing possible 265 conditions and environments where no-till practices are more likely to increase infiltration rates 266 (Fig 5) . For example, in the subset of experiments reporting residue management details (11 267 with residue retained, 7 with residue removed), there were higher increases in infiltration rates in 268 experiments that combined no-till with residue retention practices (41.5%, confidence interval -269 3.4 -86.6%). Only 2 of 52 experiments reported data capturing the effect of no-till plus a cover 270 crop (compared to tillage plus a cover crop) and results were inconclusive (16.2%, confidence 271 interval -94.0 -126.5%). Similarly, there was no significant difference when no-till experiments 272 included more crop diversity (in both control and experimental treatments), such as having at 273 least two crops in rotation or double cropping (0.0%, confidence interval -18.9 -18.8%). With 274 respect to environmental variables, we found an effect of precipitation, with significant 275 improvements in regions with 600 to 1000-mm annual precipitation (55.6%, confidence interval 276 5.8 -105.3%) (Fig 5) . There were also greater numbers of results where no-till reduced 277 infiltration rates located in more arid environments (i.e., lower aridity indices), but the effect was 278 not statistically significant (Table 2 and Fig 2 in the S1 File) . We did not detect any clear effects 279 of soil texture, nor did we find differences due to study length ( (Fig 6) . Also, we did not detect differences when cover crop experiments were 301 aggregated by annual rainfall or aridity index (Fig 6 and Table 2 ). There was evidence that the 302 effects of cover crops on infiltration rate improvements were greater in coarsely textured soils 303 with higher sand contents and less clay (Table 2 and Fig 3 in the S1 File) . Similar to the no-till 304 plus residue retention experiments, we found there to be a significant increase in infiltration rates 305 when experiments combined cover crops with no-till (compared to no cover crops with no-till; 306 44.6%, confidence interval 11.6 -77.5%) (Fig 6) . 309 confidence intervals calculated using fixed effects for subsets related to annual precipitation, 310 study length, soil texture, and tillage practice (n=number of paired comparisons).
311
312 Crop rotations 313 Impacts of crop rotations on infiltration rates were inconsistent, with an overall mean 314 effect that was not significantly different from zero (18.5%, confidence interval -7.4 -44.4%, 315 n=39 from 11 experiments) (Fig 4) . Many experiments in our database compared monoculture to 316 two crops in rotation, and only a few compared three or more crops in rotation. Further, in many 317 experiments the control crop was monoculture maize (Fig 2 in the S1 File) . The aridity index 318 analysis revealed that most of the declines in infiltration rate among the crop rotation 319 experiments fell within more arid regions ( (Fig 4) . These experiments included three types of perennial systems: agroforestry, 327 perennial grasses, and managed forestry (Fig 6 in the S1 File) ; they were aggregated into a single 328 group for this analysis because of the limited number of available studies (only eight total met 329 the inclusion criteria) and because they share a key feature of continuous roots in the soil (Table   330 1 in the S1 file). Despite differences among and between these practices, the perennial practices 331 showed a consistent pattern in that growing perennial rather than annual plants led to improved 332 infiltration rates.
334 Crop and livestock (cropland grazing)
335 Experiments that fit our criteria for crop and livestock systems were more likely to 336 contribute to a decline in infiltration rates overall (-21.3%, confidence interval -50.4 -7.9%, 337 n=24 from 7 experiments) (Fig 4) . However, individual studies within this practice suggested 338 that pasture-based and diversified annual crop systems with livestock could lead to improved 339 infiltration rates under some conditions (Fig 7 in the S1 File) .
340
341 Publication bias and sensitivity analysis 342 We did not find evidence of publication bias in our overall analysis, as shown by 343 histograms demonstrating that experimental results within each practice were not skewed toward 344 very positive or very negative effects (Fig 7) . Also, the Jacknife sensitivity analysis revealed 345 robust results, with only minor shifts to overall means and confidence intervals when individual 346 experiments were removed (Fig 8) . Results were most robust for no-till and cover crops, which 347 had the largest numbers of experiments. However, two practices -crop rotation and perennials -348 were somewhat sensitive to the removal of individual experiments. When two of the eight 349 perennial experiments were separately removed, the 95% confidence intervals of response rates 350 shifted to slightly cross zero (Fig 8) . These experiments were the two with livestock, which 351 suggests that in these environments the presence of livestock did not reduce infiltration 49, 50 . For 378 contribute to improved soil structure such as porosity and aggregation, which enhances water 379 entry into the soil 52 . Recently, Basche and DeLonge 25 found that cover crops, perennial grasses 380 and agroforestry practices led to significant improvements in two soil hydrological properties 381 related to water infiltration (porosity and water retained at field capacity), which could help 382 explain the effects from those practices in this analysis. The reduced infiltration rates that we 383 found with respect to the crop and livestock studies could be related to the removal of vegetative 384 cover or soil compaction from grazing, although the available studies for this practice were 385 limited 53-55 . Overall, our results suggest that management has an important contribution to 386 infiltration rates, and that these are likely related to soil physical changes.
387
Given established relationships between soil carbon and soil water properties 26,27 , one 388 factor that likely has a role in our findings is the impact of carbon accrual from the analyzed 389 practices. For example, increases in soil carbon have been quantified by meta-analyses in 390 response to cover crops, crop rotations, and other conservation practices 7,23,24 . Also, perennial 391 systems typically store more soil carbon than annual croplands 56-58 . However, reviews evaluating 392 the effect of no-till on carbon have found mixed results 22,59-62 , similar to the complex no-till 393 findings in the present analysis. Specifically, these reviews have found that no-till can lead to 394 carbon accrual in some instances but may also lead to no net increase in carbon but rather a 395 redistribution of carbon closer to the soil surface 59 . Further, it has recently been demonstrated 396 that the relationship of soil carbon to soil available water may not be as strong as indicated by 397 prior analyses 63 .
398
Continuous cover of the soil combined with reduced soil disturbance is known to 399 promote enhanced biological activity, with is also linked to physical soil structure. For example, 400 management practices leading to a greater number of earthworms could contribute to soil 401 aggregation and pore creation, increasing water entry 64, 65 . A recent meta-analysis found that 402 reduced tillage increased earthworm abundance and biomass by more than 100% compared to 403 conventional inversion tillage 66 , suggesting a potential biological mechanism that may help 404 explain the success of no-till in improving infiltration rates under some circumstances. Cover 405 crops have also been found to increase earthworm populations and recent work finds that they 406 also significantly increased microbial biomass as well as mycorrhizal colonization across a range 469 by inconsistent data availability and was beyond the scope of our study. As such, we were only 470 able to evaluate overall trends based on available data and these limitations likely account for 471 some uncertainty in our analysis.
472
Another related variable that could be introducing uncertainty is the lack of studies 473 reporting effects following a wide range of treatment durations. In our analysis, we did not find 474 experimental length to be a significant factor in our analysis across any of the practices (Table 2 475 and Figure 4 in the S1 File). This finding is contrary to the common convention that management 476 practices need be in place for an extend period of time in order to demonstrate improvements to 477 various soil properties. Instead, we found that even after a short period (as little as one year) it 478 was possible for infiltration rates to increase relative to conventional controls. This finding could 479 also be related to the interannual timing of measurements, as infiltration rate is a dynamic 480 process subject to interseason and/or interannual variability. However, examining such effects 
